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Abstract. Business processes are subject to changes due to frequently fluctuat-
ing opportunities. The changes has as result a modification of business process 
models and also the organizational model since both models are jointly linked 
through the assignment of roles to process activities. A consistent adaptation of 
both model types (due to changes) still poses challenges. For instance, varying 
competences and skills are insufficiently considered for the (re-)assignment of 
roles to process activities. As a consequence, tasks are performed inefficiently. 
In this paper we will present an organizational model that considers resources’ 
competences, skills and knowledge. Based on this model the hidden Markov 
model is applied to efficiently assign roles to process activities. The improve-
ment in task processing through automated role assignment is a significant con-
tribution of this approach.  

1 Introduction 

A business process model consists of activities that are performed by roles or respec-
tively by organizational units. The assignment of roles to process activities depends 
on the roles’ skills and competences and should ensure that information is allocated to 
proper persons. For instance, a secretary should be assigned to tasks doing prelimi-
nary work for seniors. A salesperson should be assigned to tasks supporting the inte-
raction with customers.  

Changes in information system requirements or new business opportunities may 
require modifications of process activities and the assignment of roles to them. Role 
assignment tends to be complicated because roles might be assigned to hundreds of 
activities as illustrated by the following example. In the past the following observa-
tions were made in enterprises [1, 2], e.g., Enterprise A had 48 roles and 922 process 
activities; in Enterprise B 102 roles were allocated to 399 process activities and in 
Enterprise C 81 roles were allocated to 256 activities. Advanced business process 
model experiences are required in order to understand and rapidly assign appropriate 
roles to business process activities. Therefore, assisting process modelers to efficient-
ly assign roles to activities is of great value. 
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We aim to improve the assignment of roles to process activities through an ad-
vanced meta-model for resources that considers roles’ competences, skills and know-
ledge. Based on this model we are capable to efficiently retrieve appropriate roles to 
perform a task. The retrieval and assignment rely on the hidden Markov model [3]. 
The advantage of using a hidden Markov model instead of other approaches (like data 
mining based approaches) is the ability to consider role’s competences and workflow 
history data for role assignment. Additionally, the model allows considering the rela-
tionship between different process activities (described via control flow) rather than 
focusing on a single activity. 

The approach presented in this paper can be applied twofold. Assume the process 
modeler is creating a process model and she is uncertain which role to assign to a 
process task. Based upon our approach recommendations of appropriate role assign-
ment can be made. On the other hand our approach is suitable to support exhaustive 
process model reuse. Before creating a new process model by assembling already 
designed process models, the process builder can use our approach to update the 
reused process model. As soon as a process builder reuses a process model, the role 
assignment of the model is matched with our algorithm.  

The meta-model for organizational units is summarized in the next section. Section 
3 illustrates our approach of role assignment to process activities. The application of 
our approach is demonstrated in Section 4. Section 5 compares our approach with 
related work and Section 6 concludes the paper with an outlook on future research. 

2 Modeling Foundation 

In this section we illustrate the requirements and modeling foundation of our pro-
posed solution. Therefore we will outline a meta-model for the description of re-
sources that can be utilized in business processes. The meta-model defines the re-
source modeling language (RML), which is introduced by [21]. Within the following 
subsection we illustrate the core of RML defined by the human resource meta-model 
(HRMM).  

2.1 Organizational Meta-model 

HRMM is a MOF-compliant meta-model, modeled as ecore model [20]. An overview 
of the HRMM is given in Figure 1. Central concepts of HRMM are: HumanResource, 
Role, OrganizationalUnit and the competence related modeling objects Competence, 
Skill and Knowledge. In utmost related approaches competence concepts are not mod-
eled explicitly, although different studies revealed that roles and human resources 
depend on competences [11, 16]. To tackle this issue HRMM integrates competence 
descriptions and associates them to roles and human resources, thus allowing for en-
hanced assignment strategies. In HRMM this is represented by the model elements 
Competence, Skill and Knowledge. In order to enable a sound assignment of activities 
to resources, we will reveal relationships of competence models and resource models 
(a business process view) that can be modeled in RML. 
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3.1 Hidden Markov Model Inference 

The hidden Markov model (HMM) is a statistical Markov model in which the system 
being modeled is assumed to be a Markov process with unobserved (hidden) states. 
These states are not directly visible, but output, dependent on the state, is visible. 
Each state has a probability distribution over the possible output events. Therefore the 
sequence of events generated by the HMM gives some information about the se-
quence of states. Note that the adjective 'hidden' refers to the state sequence through 
which the model passes, not to the parameters of the model; even if the model para-
meters are known exactly, the model is still ‘hidden’ [3]. 
 

Formally, a HMM can be defined by a set of parameters λ= (N, M, T, E, π): 
- N, is a set of hidden states, 
- M, is a set of events,  
- T|N|×|N|, is a transition matrix that determines the state transition probability, 
- E|N|×|M|, is a matrix that denotes the emission probability that the event will 

be observed for any given state n∈N, 
- π, is an initial vector that denotes the probability of each state in the first be-

ginning.  
 

For a given sequence of events with t observations y1..t∈M, and a hidden Markov 
model with parameter λ, an inference associated to this HMM [4] is to find a probabil-
ity distribution over hidden states for a point in time in the past, i.e. to compute 
P(xk|y1..t), for k < t. This inference problem can be solved by the so called “forward-
backward algorithm”, which is an efficient method for computing the smoothest val-
ues for all hidden state variables [5]. 

3.2 Building Hidden Markov Model 

In our approach the set of hidden states N describes the set of possible roles, which 
may be attached to activities in a workflow model. The set of observable events M 
relates to a set of workflow activities. The inference associated to HMM can be de-
scribed as the probability distribution over roles (hidden state) and activities of a giv-
en activity sequence (observed events) in a process model and a hidden Markov mod-
el. By this probability distribution the likelihood of the assignment of roles to activi-
ties can be determined. Hence, an ordered list of role assignments can be recommend-
ed to the process modeler according to the probability distribution. 

As we mentioned before, if parameter λ of HMM is defined the probability distri-
bution over roles and activities can be easily obtained by the “forward-backward algo-
rithm”. In conclusion determining the parameter λ has to be done; therefore we 
present an approach to fulfill this task: 

 

- Let all candidate roles (plus a start and an end role) be the set of hidden states, 
namely N, 

- Let all activities (including a start and an end activity) be the set of events, 
namely M, 
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- Transition matrix T can be obtained from event logs of the workflow by analyz-
ing the sequence frequency of role transitions. The entry Tij represents the proba-
bility of transition from role i to role j, thus Tij can be calculated as: 

( )

( *)
i j

ij
i

freq R R
T

freq R

→
=

→  
(1)

 refers to the number of transitions from role i to role j in the log 
file, and  refers to all transitions from role i.  

- Emission matrix E can be specified according to the competence and skills of 
roles for a given activity, which allows answering the following question: “ac-
cording to the knowledge and skill of a role i what kind of activities are suitable 
to be performed by this role?”. This competence value can be obtained by the 
measurement of the human resource meta-model (see Section 2). 

Eij = Competence of role i to activity j (2)

- Finally, the initial vector π is (1, 0, …, 0); which indicates that the start activity 
is always performed by the start role. 

 
Before calculating the role assignment probability, we need to uncover similar 
process activities in order to avoid inconsistencies in the workflow event log. To find 
synonyms, homonyms and different abstraction levels of activity labels, we use the 
similarity measures presented in [22]. After this similarity match process, activities in 
the new workflow model can be easily mapped to events in the hidden Markov model. 

3.3 Calculating Role Assignment Probability Matrix 

After obtaining the parameters of the HMM and uncovering similar process activities, 
the final step is to determine the probability of roles being appropriate to be assigned 
to activities. However, in real world a workflow model usually contains various con-
trol flow structures such as e.g., joins and forks, which eventually result in multiple 
observed sequences of activities in the same workflow model. Such observed se-
quences may generate multiple probability distributions over roles for activities, when 
HMM inference is applied. Therefore, it is essential merging different probability 
matrixes for each observed activity sequences. 

Assume that the workflow model is a directed acyclic graph (DAG) of activities. 
For each activity ai ∈ M let probability distribution pi be a vector of probability with 
||N|| entries. Each entry in pi refers to the probability of one role for activity ai. Based 
on a workflow model, an activity sequences set S can be generated by enumerating all 
paths from the start activity to the end activity.  

For each activity sequence s ∈ S, a probability matrix Ps of roles over activities can 
be computed by means of the “forward-backward algorithm” namely Ps = (p1, 
p2, …pn), n=||M||. Note if activity aj is not in the given sequence s, then the corres-
ponding probability distribution vector pj=0 is Ps = (p1, p2 …pj-1, 0, pj+1 …pn). In addi-
tion, if the occurrence probability of an activity sequence is different, a weight ws can 
also be assigned to the activity sequence s. Once the probability matrix for any activi-
ty sequence has been computed, the probability distribution matrix P of roles  
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over activities in the workflow model can be obtained by calculating the weighted 
average probability matrix of all the probability matrixes and normalizing each col-
umn vector in order to ensure that each column sum equals 1. 

s s
s S

s
s S

w P
P normalize

w
∈

∈

⎛ ⎞
⎜ ⎟= ⎜ ⎟
⎜ ⎟
⎝ ⎠

∑
∑

 
(3)

Based upon the role assignment probability matrix, the role assignment for any 
given activity can be easily performed by retrieving the most appropriate role for a 
specific activity. 

4 Assignment Demonstration 

In order to demonstrate the applicability of our approach, we present an example in 
this section. Let the following process model with seven activities (design activity, 
verify activity, review prototype, approve design, classify documents and additionally 
a start and end activity as postulated in Section 3.1.) be given as depicted in Figure 3.  

 

 

Fig. 3. Example process of engineering design process 

There are six roles that can be assigned to these activities {Start Role, Senior De-
signer, Chief Designer, Project Manager, Secretary, End Role}. Skills and compe-
tences of roles are listed in Table 1. Note that the activities {Start, End} and roles 
{Start Role and End Role} are added in order to facilitate following analysis.  

Table 1. Role Information 

# Role  Skill       Competence 
R1 Start Role Start workflow  
R2 Senior Designer create drawing, classify documents service 
R3 Chief Designer create drawing, review drawing design architecture 
R4 Project Manager review drawing, approve design product planning 
R5 Secretary classify documents contract management 
R6 End Role End Workflow  

 
Furthermore we assume that there are ten completed cases in the event log, the case 

information and related performers’ role for each activity are listed in Table 2. 
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In order to build the hidden Markov model, we perform the following steps. 
Firstly, let the set of hidden states be the set of candidate roles namely N = {start 
role(R1), senior designer(R2), chief designer(R3), project manager(R4), secre-
tary(R5), end role(R6)}. Secondly, the event set M is built by observable activities in 
the process model namely M = {start, design activity, verify activity, review proto-
type, approve design, classify document, end}.  

The transition matrix can also be obtained from the workflow event log by count-
ing the frequency of direct role transition during execution. For example in Table 2 
there are 10 direct role transitions from R1 to others (the entries with underscore), 7 
out of these 10 transitions are from R1 to R2, and 3 out of these 10 transitions are 
from R1 to R3. Therefore the entries T1,2 and T1,3 in transition matrix T are T1,2=7/10 
and T1,3=3/10. Table 3 illustrates the transition matrix calculated out of the workflow 
log shown in Table 2. 

Table 2. Workflow Event Log 

 Start Design 
Activity 

Verify 
Activity 

Review 
Prototype

Approve 
Design 

Classify 
Documents 

End 

1 R1 R2 R2 R3 R4 R5 R6 

2 R1 R2 R3 R3 R4 R5 R6 

3 R1 R2 R2 R3 R4 R5 R6 

4 R1 R2 R2 R3 R4 R5 R6 

5 R1 R2 R2 R4 R4 R3 R6 

6 R1 R2 R2 R3 R4 R5 R6 

7 R1 R2 R2 R3 R4 R5 R6 

8 R1 R3 R2 R3 R4 R5 R6 

9 R1 R3 R3 R3 R4 R2 R6 

10 R1 R3 R3 R4 R4 R5 R6 

Table 3. Transition Matrix from Workflow Event Log 

 R1:Start 
Role 

R2:Senior 
Designer 

R3:Chief 
Designer 

R4:Project 
Manager 

R5:Secre-
tary 

R6:End  
Role 

R1:Start 
Role 

0 7/10 3/10 0 0 0 

R2:Senior 
Designer 

0 6/15 7/15 1/15 1/15 0 

R3:Chief 
Designer 

0 1/15 4/15 9/15 1/15 0 

R4:Project 
Manager 

0 1/12 1/12 2/12 8/12 0 

R5:Secre-
tary 

0 0 0 0 0 1 

R6:End 
Role 

0 0 0 0 0 1 
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The emission matrix shows probabilities of generating observable events when the 
system is in a hidden state. In workflow staff assignment observable events are 
workflow activities, hidden states are roles. Hence event emission probability means 
the likelihood of roles to complete certain activities. Apparently, this likelihood is 
determined by role’s skills and competences, therefore the emission matrix can be 
created by domain experts. Table 4 shows an example emission matrix where each 
column represents an activity (observable event) and each row represents a role (hid-
den state). As shown in Table 4, it is most likely for senior designers to complete the 
“Design Activity” (0.7), while it is quite unlikely to perform the activity of “Approve 
Design” (0.01). 

The initial state vector defines the probability of choosing the first state when the 
transition starts. Since workflows always start with the start activity the initial role is 
always the start role; hence the initial state vector is (1, 0…). Once parameters of 
HMM are defined, role assignment can be easily performed as follows. Assume the 
process designer tends to reuse process artifacts without assigned roles (in general: 
appropriate role have to be assigned to modeled process activities). Then all se-
quences of activities (start to end) are enumerated. Initially, similar activities are un-
covered (for instance the activity “Verify Specification” is matched to “Verify Activi-
ty”, see Figure 4). Subsequently, resulting activity sequences are s1={Start, Design 
Activity, Verify Activity, Approve Design, Classify Documents, End} and s2={Start, 
Design Activity, Review Prototype, Approve Design, Classify Documents, End}. 

Table 4. Emission Matrix for Roles to Activities 

 start Design 
Activity 

Verify 
Activity 

Review 
Prototype

Approve 
Design 

Classify 
Documents 

end 

R1:Start 
Role 

1 0 0 0 0 0 0 

R2:Senior 
Designer 

0 0.7 0.2 0.05 0.01 0.04 0 

R3:Chief 
Designer 

0 0.2 0.2 0.4 0.15 0.05 0 

R4:Project 
Manager 

0 0.05 0.05 0.2 0.65 0.05 0 

R5:Secre-
tary 

0 0 0 0 0 1 0 

R6:End 
Role 

0 0 0 0 0 0 1 

With the parameter of HMM defined in the previous discussion, the probability dis-
tribution matrix for observed sequence can be computed by means of the “for-
ward/backward algorithm”. Table 5 and Table 6 show the probability distribution 
matrix of s1 and s2. Note that for s1 the review activity is not available, therefore cor-
responding probability distribution over roles for “Review” in table 5 is 0. According-
ly, probability distribution of activity “Verify” in table 6 is also 0. 
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Fig. 4. Target workflow model after matching similar activity 

Table 5. Probability distribution of roles over activities with s1 

 
Start 

Design 
Activity

Verify 
Activity

Review 
Prototype

Approve 
Design 

Classify 
Docu-
ments 

End 

Start Role 1.000 0.000 0.000 0.000 0.000 0.000 0.000 

Senior Designer 0.000 0.9438 0.0113 0.000 0.0007 0.0014 0.000 

Chief Designer 0.000 0.0562 0.9572 0.000 0.0002 0.0008 0.000 

Project Manager 0.000 0.000 0.0315 0.000 0.9990 0.000 0.000 

Secretary 0.000 0.000 0.000 0.000 0.000 0.9978 0.000 

end role 0.000 0.000 0.000 0.000 0.000 0.000 1.000 

 

Table 6. Probability distribution of roles over activities with s2 

 
Start 

Design 
Activity

Verify 
Activity

Review 
Prototype

Approve 
Design 

Classify 
Documents 

End 

Start Role 1.000 0.000 0.000 0.000 0.000 0.000 0.000 

Senior Designer 0.000 0.9525 0.000 0.0852 0.0024 0.0025 0.000 

Chief Designer 0.000 0.0475 0.000 0.9000 0.0005 0.0016 0.000 

Project Manager 0.000 0.000 0.000 0.0148 0.9972 0.000 0.000 

Secretary 0.000 0.000 0.000 0.000 0.000 0.9959 0.000 

end role 0.000 0.000 0.000 0.000 0.000 0.000 1.000 
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Finally, the probability distribution over roles for all activities can be computed by 
calculating the normalized weighted average of table 5 and table 6. The result is 
shown in table 7. With probability distribution shown in table 7, the most suitable role 
assignment for activities in the new workflow model is shown in figure 5. 

Table 7. Probability distribution of roles over all Activities 

 Start Design Verify Review Approve Classify End 

Start Role 1.000 0.000 0.000 0.000 0.000 0.000 0.000 

Senior Designer 0.000 0.9482 0.0113 0.0852 0.0015 0.0019 0.000 

Chief Designer 0.000 0.0518 0.9572 0.9000 0.0003 0.0012 0.000 

Project Manager 0.000 0.000 0.0315 0.0148 0.9981 0.000 0.000 

Secretary 0.000 0.000 0.000 0.000 0.000 0.9969 0.000 

end role 0.000 0.000 0.000 0.000 0.000 0.000 1.000 

 

 

Fig. 5. Suggested role assignment 

5 Related Work 

The purpose of our work is to automate the part of resource assignment. In particular, 
we used a probabilistic approach to realize our idea. Therefore it is related to the ef-
forts of automating process resource assignment. Automating resource assignment is 
very important in workflow resource management [7]. Early work on automating 
resource assignment in process management is based upon rules [8, 9, 10]. However, 
rule based approaches of automating resource assignment require knowledge of or-
ganization and business, which is not likely to be obtained in the first beginning. In 
[11] zur Muehlen envisioned the idea of applying knowledge discovery approach to 
help process resource assignment, later on, in [12] Ly et al. have shown that the prob-
lem of deriving resource assignment rules using information from event log data and 
organizational information as input can be interpreted as an inductive learning prob-
lem. Therefore, machine learning techniques can be adapted in order to solve the 
problem. In particular they use decision tree methods to find those assignment rules 
[13]. In [14] Liu et al. further developed the approach using new machine learning 
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approaches and evaluated the practical validity using three enterprises' data set. In 
[15] Huang et al. proposed a reinforcement learning based approach to allocate re-
source to workflow with performance optimization consideration. They introduce a 
mechanism in which the resource allocation optimization problem is modeled as Mar-
kov decision processes and solved using reinforcement learning. The proposed me-
chanism observes its environment to learn appropriate policies, which optimize re-
source allocation in business process execution. The hidden Markov model based 
approach is also used in [6] by Yang et al. to allocate the most proficient set of em-
ployees for a whole business process based on workflow event logs. 

6 Conclusion 

The assignment of roles to process activities is a time-consuming task and requires a 
certain amount of business process model experiences. In this paper we have first 
introduced a meta-model for the description of resources that can be utilized in busi-
ness processes. The advantage of this model is an exhaustive consideration of roles’ 
skills and competences, thus allowing to allocate appropriate resources (persons that 
fulfill specific roles) to given activities of workflow models. Based upon this meta-
model we used the hidden Markov model inference to provide recommendation for 
the assignment of roles to process activities. Assisting process modelers to efficiently 
assign roles to activities is of great value. 

Work that is in progress is to integrate a formalism that allows checking role con-
flicts (if roles are assigned to activities, which are not able to perform the task). Fur-
thermore the consideration of actual resource capacities (number of resources attached 
to roles) and instance properties (instantiation of workflow instances based on proba-
bility distributions) would be valuable and is also part of current research activities. 
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